There are a significant number of applications for magnetic nanoparticles including their roles as tracer materials, biomarkers, and biosensors. Of increased recent interest is Magnetic Particle Imaging (MPI) which is based on the nonlinear magnetization of iron oxide tracers [1, 2] . The robust interactions of nanoparticle ferrofluids with external magnetic fields, and the resulting changes in the magnetization, are the key to these applications. Magnetic particle spectroscopy can provide insight into the dynamical properties of nanoparticle ferrofluids by measuring the magnetization response and the harmonic signal spectrum of the tracer materials [3] . We investigate the ability of current theoretical models of magnetic nanoparticles immersed in dilute ferrofluids and external sinusoidal magnetic fields to explain recent experiments in which the relaxation effects are dominated by viscous damping (i.e. Brownian motion).
th /3
rd harmonics of the magnetization for samples using "100 nm" iron oxide particles (top plot) and "40 nm" iron oxide particles (bottom plot). The measurements were collected with the nanoparticles in ferrofluid solutions with a range of water/glycerol ratios corresponding to different viscosities (and therefore different Brownian relaxation times.) As described in [3] the data are plotted as a function of ωτ B. Also shown in Fig. 1 are the calculations of the ratios of 5 th /3 rd harmonics assuming both monodisperse and polydisperse ferrofluids. Details of the calculations and parameters used in the models can be found in [5] .
CONCLUSION: We use the Fokker-Planck equation to calculate the magnetization harmonics of nanoparticle ferroluids under the influence of an external oscillating magnetic field and Brownian motion. The calculations are done for both monodisperse and polydisperse models of the ferrofluids and the results are compared to recent measurements. Good agreement between the calculations and measurements is achieved only when the model includes polydisperse nanoparticles.
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The authors are grateful to John Weaver for his patient and detailed explanations regarding the experimental data studied in our work. The authors also thank Anna Samia for educating them on the general subject of magnetic nanoparticles. This research has been supported in part by funding from the CWRU Institute for Advanced Materials-Image Guided Biomaterials Development Initiative Pilot Grant #RES121408. REFERENCES: Figure 1 : Measured and calculated ratio of the fifth to third harmonics for the (a) "100 nm" iron oxide particles and (b) "40 nm" in glycerol-water ferrofluids. The measured values from [3] are scaled as a function of ωτB (the drive frequency ω times the Brownian relaxation time τB.) The measured data from [3] are indicated with circles, the dashed line is the harmonic ratio from the Fokker-Planck approach (monodisperse) and the solid line is the ratio from the FP approach (polydisperse).
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